University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Community and Regional Planning Program:
Professional Projects

Community and Regional Planning Program

Summer 2017

Flood Plan Management: An Evaluation of
Nebraska’s Comprehensive Plans for Flooding
Rashad J. Moxey
University of Nebraska-Lincoln, shadmoxey@gmail.com

Follow this and additional works at: http://digitalcommons.unl.edu/arch_crp_profproj
Part of the Urban, Community and Regional Planning Commons
Moxey, Rashad J., "Flood Plan Management: An Evaluation of Nebraska’s Comprehensive Plans for Flooding" (2017). Community and
Regional Planning Program: Professional Projects. 16.
http://digitalcommons.unl.edu/arch_crp_profproj/16

This Article is brought to you for free and open access by the Community and Regional Planning Program at DigitalCommons@University of
Nebraska - Lincoln. It has been accepted for inclusion in Community and Regional Planning Program: Professional Projects by an authorized
administrator of DigitalCommons@University of Nebraska - Lincoln.

Professional Project

Topic
Flood Plan Management: An Evaluation of Nebraska’s Comprehensive Plans for
Flooding

By: Rashad J. Moxey

For the degree:
Master of Community and Regional Planning
College of Architecture: Community and Regional Planning Program
University of Nebraska – Lincoln

Advisory Committee:
Zhenghong Tang (Chair)
Rodrigo Cantarero
Yunwoo Nam

Client:
Nebraska Department of Natural Resources
Mitch Paine, CFM
State NFIP Coordinator

Aug. 2017

1111sads
adasdasd
as

ABSTRACT
This study examined Comprehensive Plans for 53 Nebraska communities to
determine how well 60 indicators of flood risk information were incorporated. The
indicators were divided into three categories, factual base information, goals and
actions and implementation. The majority of plans were created by independent firms
as Nebraska does not require state-level oversight. Detailed review of each community
plan identified general areas of weakness and opportunities for improvement. The
average number of indicators present in the 53 plans was 4.84. None of the three
categories was found to be well represented. Indicators per category showed low
overall representation; Factual Base 12.0%, Goals 5.7% and Action & Implementation
6.4%. However, in the factual base information category, the delineation of hazardous
locations was covered by 74% of plans, but there was found to be a lack of
identifications of communities within floodplains. The goals category showed 49%
interest in preserving flood risk areas but there was a lack of goals to reduce damages to
buildings already in hazardous areas; 28% of plans focused only on areas outside flood
risk zones. In the action and implementation category, approximately 55% of plans
covered storm water management/watershed treatment strategies. However,
educational awareness was present in only about 4% of plans. This study recommends
that the Nebraska Department of Natural Resources begin to supervise Comprehensive
Plans. This would allow for consistency, implementation of specific requirements, and
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better education of the planers. This author recommends 14 of the 60 indicators studied
be mandated by the state of Nebraska. Further educational awareness of flooding risk
and prevention should be implemented at the middle and high-school level.

1111sads
adasdasd
as

TABLE OF CONTENTS
LIST OF FIGURES..………………………………………………………………………….. iv
LIST OF TABLES……………………………………………………………………………… v
INTRODUCTION....................................................................................................................... 1
BACKGROUND INFORMATION ......................................................................................... 5
NEBRASKA DEPARTMENT OF NATURAL RESOURCES (NDNR) ............................. 6
LITERATURE .............................................................................................................................. 6
Floodplain .............................................................................................................................................. 6
Floodplain Management ..................................................................................................................... 7
National Flood Insurance Program (NFIP) and Flood Maps ........................................................ 8
What is Flooding? ............................................................................................................................... 10
Types of floods .................................................................................................................................... 11
Coastal Flooding .............................................................................................................................. 11
Riverine Flooding............................................................................................................................. 12
Shallow Flooding ............................................................................................................................. 13
Floods Common to Nebraska ........................................................................................................... 15
Closed Basin Lakes Floods.............................................................................................................. 15
Uncertain Flow Paths Floods (Alluvial Fan Floods) ................................................................... 15
Dam Breaks Floods .......................................................................................................................... 16
Ice Jams Floods ................................................................................................................................. 16
Health Impacts of Flooding .............................................................................................................. 16
The Importance of a Community Developed Hazard Mitigation Plan .................................... 19

PURPOSE ................................................................................................................................... 21
METHODOLOGY .................................................................................................................... 22
Data Analysis ....................................................................................................................................... 26

RESULTS .................................................................................................................................... 28
DISCUSSION & CONCLUSION .......................................................................................... 36
Findings ................................................................................................................................................ 36
Recommendations............................................................................................................................... 38
Limitations ........................................................................................................................................... 40

Appendix A: Nebraska Revised Statute 31-1019 ................................................................. 42
Appendix B: Nebraska Revised Statute 31-1020 ................................................................. 43
Appendix C: Flood Zones Description ................................................................................. 44

1111sads
adasdasd
as

REFERENCES ............................................................................................................................ 45

1111sads
adasdasd
as

iv

LIST OF FIGURES
Figure 1. The Hydrologic Cycle ............................................................................................... 11
Figure 2. Flood Insurance Rate Map ......................................................................................... 9
Figure 3. 100- Year Flood Explanation ...................................................................................... 7
Figure 4. Evaluation Indicators………………………………………………….……………23
Figure 5. Reviewed Comprehensive Plans ............................................................................. 25
Figure 6a. Number of Indictors Present within the Comprehensive Plans ....................... 30
Figure 6b. Number of Indicators Present within the Comprehensive Plans Cont’d ....... 30
Figure 7 . Recommended Indicators…………………………………………….……………40

1111sads
adasdasd
as

v

LIST OF TABLES
Table 1. Categories of Indicators Present within the Comprehensive Plans…………….31
Table 2. Recorded Flood Occurrences………………………………………………………34

1

INTRODUCTION
Each year, it is estimated that at least 80 persons die due to flooding in the
United States (Brody et al., 2007 & The National Oceanic and Atmospheric
Administration (NOAA), 2015). Flooding is considered a natural hazard and is among
the top of risks that can significantly impact those living within the floodplain.
Throughout the United States, a natural hazard like flooding is the greatest threat for
safety, property and the well-being of communities (Brody et al., 2007). Research shows
that the number of floods per year has increased by more than six times since 1960. The
increase in floods correlated with an increase in the cost of damages. In the 1960s there
was an estimated total of 41.69 million dollars in damages, whereas in the 1990s, the
losses which occurred during floods is an estimated 378.12 million dollars, using 1960
for comparison (Brody et al., 2007).
In 2001, the National Center for Atmospheric Research estimated the average
annual damage from floods to be 5.2 billion dollars (Brody et al., 2007). Additional
information found on the National Oceanic and Atmosphere Administration official
website concludes that over the past thirty years there has been an average of $7.96
billion in flood-related damages per year dating back from 2014 (NOAA, 2015). In the
late 1990s, the Federal Emergency Agency estimated that more than 9 million homes or
390 billion dollars in property has at least 1% chance of flooding each year (Brody et al.,
2007). Across the country, between 1991 and 2000 there was an estimated cost of $45
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billion dollars in flood damages however due to precaution and flood control measures
$208 billion dollars in damages were prevented (Brody et al., 2007). Flood precaution
and oversight is the basis of this professional project.
For both policy requirements and floodplain management standards, it is useful
to analyze comprehensive plans extensively throughout a single state regulatory
framework. This analysis brings consistency to the commonalities among plans,
communities, and resources available at the state level. While previous studies have
considered comprehensive plans in urbanized areas and flood-prone states like
Washington and Florida, this study examines planning in the rural, yet flood-prone
state of Nebraska. Nebraska is a state with a long history of floodplain management,
dating back to before the creation of the National Flood Insurance Program (NFIP) in
1968. The state also features a diverse number of flooding types, community
development challenges, and economic conditions.
Nebraska features varying types of flood risk. Many cities, most notably the
Omaha metro area, lie in the floodplain of the Missouri River, a highly controlled and
modified river with a variety of management standards including flood control, water
supply, and navigation. Some communities, both large and small, are located on the
mature Platte River, a wide, shallow river featuring braided channels that have carved a
broad valley through the center of Nebraska. The Platte River creates shallow flooding
as well as yearly ice jam threats to communities and houses on its banks. Many other
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smaller towns lie on the banks of young rivers that provide vast floodplains throughout
their course through the state. Some communities have levees and dams that protect
residents and businesses, but these communities face residual flood risk from levee or
dam failure.
Nebraska faces a similar challenge as other agricultural-based states in the
Midwest: declining rural populations with rapid urban growth. According to an
interview with a staff member from Nebraska Department of Natural Resources
(NDNR), from 2010 to 2013, 30 of Nebraska's counties saw an increase in population,
while 63 saw a decrease. Only 20 counties saw an increase of more than 1% of the total
2010 population. The largest three counties, located in either the Omaha or Lincoln
metro area account for over 53% of the entire population of the state (American
Community Survey 2010-2013). Within the State of Nebraska, there are approximately
12,000 National Flood Insurance Program (NFIP) policies in the state (NDNR, 2016).
According to information obtained from a staff member of Nebraska Department of
Natural Resources, the largest counties account for nearly 40% of all policies and when
Dodge County, and the city of Fremont are included, these account for nearly 55% of all
policies. To date there are an estimated 406 communities throughout the state of
Nebraska that takes part in the National Flood Insurance Program. There is also an
estimated 73 counties where NFIP is available to unincorporated areas of those counties
(NDNR, 2016).
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Nebraska's state law requires local governments to manage development in
identified floodplains, regardless of size or adoption of comprehensive plans.
According to Nebraska Department of Natural Resources staff, the Nebraska
Legislature passed the Nebraska Floodplain Regulations Act in 1967 and acknowledged
the need for identifying flood risk areas and managing development in floodplains.
Enshrined in the Nebraska Revised Statutes, floodplain management is a partnership
between local governments and the state and the federal government. The Nebraska
Department of Natural Resources (NDNR) is given the responsibility to identify flood
hazard areas. When such data become available, the local government then has the
responsibility to adopt floodplain management regulations and enforce them,
regardless of the prior establishment of a planning commission or development of a
comprehensive development plan (Nebraska Legislature §31-1019, 2016). If a local
government is provided flood hazard data and maps and does not adopt regulations,
NDNR has the authority to enforce the state minimum standard regulations (Nebraska
Legislature §31-1020, 2016).
The Nebraska Legislature has recognized the importance of community planning
and flood risk management. While the statutes don’t mandate that comprehensive plans
consider natural hazards, the statutes do stipulate that regulations in accordance with
comprehensive plans should be designed to "secure safety from a flood."
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BACKGROUND INFORMATION
The state of Nebraska can be found in the western north-central part of the
United States of America. Nebraska is ranked as the 15th out of 50 states in size.
Nebraska expands North to South 415 miles and from East to West 205 miles with an
estimated N-S total area of 76,644 sqm. along with 711 sqm. of inland water (Advameg,
2016).
According to the article “Who Lives in Nebraska Floodplains?” found on the
Nebraska Department of Natural Resources website data has shown 49 % of
homeowners and 51% of home renters in the state live within floodplain areas (Paine,
2016). There are an estimated 809,811 housing units (2011-2015 American Community
Survey) along with 164,089 business structures (Census, 2012 Survey of Business
Owners) within the state of Nebraska. Though the state is mostly rural, there are 93
Counties, with 384 Villages and 147 Cities, totaling 531 areas for habitat (Nebraska.gov,
Cities/Counties/Villages, 2017). As of 2016, the state of Nebraska Department of
Economic Development (NDED) recorded an estimated population size of 1,907,116
(NDED, 2017). According to the U.S. Census Bureau, 11.0 % of Nebraska’s noninstitutionalized population has a disability (U.S. Census Bureau, 2011-2015 ACS
Disability Characteristics). Additionally, 27.8 % of the population under the age of 17,
20% of the population over 60 years of age which indicates, there is a child dependency
ratio of 40.8 and an old- age dependency ratio of 23.2 (U.S. Census Bureau, 2011-2015
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ACS Age & Sex). The dependency ratio indicates individuals who are generally
dependent and are not working. These categories can be considered vulnerable
population. Vulnerable population, in this case, are those who are at elevated risk of
suffering harm as the result of flooding. It is important that the state ensures the safety
of its entire population.
This study focuses on protecting the state's population from flooding and
ensures that the proper safety information is being distributed and is readily available
to its citizens. This study is in conjunction with the state of Nebraska Department of
Natural Resources (NDNR).

NEBRASKA DEPARTMENT OF NATURAL RESOURCES (NDNR)
The Department of Natural Resources of Nebraska is responsible for assessing
the impacts of water management throughout the state. As stated on its website the
NDNR is fully committed to providing the citizens of Nebraska and its leaders with
data and analyses which helps in effective decision making that benefits Nebraskans
(dnr.nebraska.gov, 2016).

LITERATURE
Floodplain
A floodplain is a relatively low-lying land, which is susceptible to frequent
flooding, and is located adjacent to a waterway. (Vermont Planning Information Center,
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2016). The floodplain is broken down into two calculated annual risks, the 500-year
floodplain and the 100-year floodplain (Vermont Planning Information Center, 2016).

Figure 1. 100- Year Flood Explanation

Source: Fema.gov, “Managing Floodplain Development Through the NFIP."
Floodplain Management
FEMA has defined floodplain management as a program, which uses corrective
and preventative measures for reducing the amount of damages done by flooding. This
program includes but is not limited to emergency preparedness plans, flood control
works and floodplain management regulations (FEMA, 2016).
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National Flood Insurance Program (NFIP) and Flood Maps
The NFIP is based upon an agreement between two entities the Federal
Government and a local community. The national flood insurance is federally
guaranteed and is made available in communities that agree to regulate development
within the mapped floodplains. Once communities do their part in controlling future
floodplain development based on the criteria, FEMA will provide flood insurance for
properties located in the identified floodplain (Managing Floodplain Development,
2007). According to the National Flood Insurance Program, Flood Maps also known as
Flood Insurance Rate Maps (FIRMs), are used to show locations of low to moderate and
high flood risk. These maps are approved by the Federal Emergency Management
Agency and include Special Flooding Hazard Areas (SFHA) (Be Flood Smart, 2013). "A
FIRM usually includes a Flood Insurance Study with flood elevations and other hazard
information needed to better protect new construction from flood damage" (Managing
Floodplain Development, 2007). Each flood map is broken down into zones. These
zones allow for lenders, homeowners, and the National Flood Insurance Program to
determine if flood insurance is required. Zones are also used by the City Planning
Department to determine the property’s developmental capacity and help with zoning
ordinance (Be Flood Smart, 2013).

9

Figure 2 below shows Zone "AE" and Zone X. Within Zone "A" there are
multiple subgroups. In this case, the dark shaded are zone "AE" on FIRM would be
considered a hazard area that can be affected by a 100-year flood event. Whereas, zone
"X" shows an area outside the 100-year floodplain, its lightly shaded area is located in
the 500-year floodplain. The non-shaded zone "X" area is not located in either of the
flood plains (Be Flood Smart, 2013). Each zone and its sub-groups can be found in
Appendix C.

Figure 2. Flood Insurance Rate Map

Source: Lincoln, Nebraska Public Works, and Utilities Department
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What is Flooding?
According to the Federal Emergency Management Agency (FEMA), floods are
considered to be a part of the Earth’s natural hydrologic cycle. When water circulates
through the environment as seen in Figure 1, this process is called the hydrologic cycle.
The hydrologic cycle process sustains an overall balance between water in the ground,
on the surface and in the air (Managing Floodplain Development, 2007). Once the
hydrologic cycles become unbalanced, and water is sent to an area in excess, flooding
occurs. Most floods are generalized by three categories; shallow flooding, riverine
flooding, along with coastal flooding.
Flooding usually occurs when there is an overflow of inland or tidal water;
during this overflow there is an unusual amount of water accumulated, or a runoff of
surface water due to urbanization (FEMA, 2016). An area is considered under a flood if
two or more acres of land, which is usually dry land, become partially or entirely
overwhelmed by water. A flood can also be determined if two or more properties where
at least one owner must be a policyholder of the NFIP, is affected like mentioned above
by an overwhelming amount of water (FEMA, 2016). Flood risks aren't just based on
history; many factors contribute to floods. Some factors include current weather
patterns, natural changes in the environment, and recent structural developments
throughout a community (floodsmart.gov, 2016).
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Figure 3. The Hydrologic Cycle
Source: fema.gov “Managing Floodplain Development Through the NFIP."

Types of floods
There are three main types of floods that are then broken down into sub- flood
categories. The three top categories consist of Coastal Flooding, Riverine Flooding, and
Shallow Flooding.
Coastal Flooding
This type of flooding is primarily found near the coast of the ocean, and large
lakes (Managing Floodplain Development, 2007). Coastal flooding may occur due to a
combination of high tides and High River flows inland. There is a documented
correlation with climate change and the increased risk of coastal flooding (Harwitasari,
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2009). There is also evidence of the relationship between coastal flooding near low-lying
areas such as but not limited to; deltas, river inlets, and areas dominated by coastal
wetlands (Harwitasari, 2009).
Flooding of this nature occurs from storms such as hurricanes. Coastal erosion
can be another factor in causing coastal flooding, due to natural and human activities,
which can determine whether the shoreline recedes or increase in size. Natural factors
may include wind intensity, sand size and density, changes to the water level near the
coast and the intensity of waves, currents, and tides. Human activities that induce
coastal flooding consist of constructing sea walls, and dredging of channels, which is
the altering of natural systems that transport sand to and from the needed areas
(Managing Floodplain Development, 2007).
Riverine Flooding
Riverine flooding occurs when there are excessive precipitation and surface
water runoff into streams and rivers causing each to exceed its capacity. Listed below
are two example of riverine flooding. Water overflows the banks and spills into adjacent
low-lying areas which is then considered overbank flooding. Depending on the terrain,
the dynamics of the flooding may change (Managing Floodplain Development, 2007). In
places that have hills and mountains, floods can occur within minutes of excessive
rainfall (Flash- Floods), whereas low-lying flat areas can stay covered with shallow,
slow moving water for an extended period (Managing Floodplain Development, 2007).
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According to FEMA overbank flooding, is the most common type of flooding in the
United States, and occurs if a downstream water channel’s capacity level has been
exceeded due to heavy rainfall or snowmelt or a channel is being blocked by debris or
ice. A flood can be measured by its velocity, the rate of speed in feet per second at
which the water is moving. Areas that are hilly and mountainous normally have higher
rate of speed at which water is travelling, causing floodwater to be more dangerous,
whereas, in a flat area, the velocity at which floodwaters move is relatively slow making
it less hazardous. (FEMA, 2016).
A second example of riverine flooding includes flash flooding. This is an
immediate flood that occurs in steep catchments. Flash floods occur during or after
sudden downpours, which can be hard to detect. This makes warning individuals
difficult unlike when flooding is caused by rivers. Flash floods with water depth of over
250mm can sometimes be frigid and carry debris (Bariweni et al., 2012).
Shallow Flooding
Shallow floods are organized into three sub- categories: sheet flow, ponding and
urban drainage. These types of flood occur in flat, low-lying areas where there is a lack
of channels or drainage ways to help with the movement of water. (Managing
Floodplain Development, 2007).
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Sheet flow occurs after a prolonged or extensive amount of rainfall. This makes it
difficult for water to infiltrate the ground and flood water moves downhill, often
covering a large area of land (Managing Floodplain Development, 2007).
Ponding consists of surface water runoff being collected into small depression
along flat areas which become difficult to drain and create a pond effect. Ponding
floodwater does not flow, and will remain in these temporary ponds until the water is
either removed manually by machinery, evaporates or ultimately penetrate the soil to
the water table (Managing Floodplain Development, 2007).
Urban drainage stores water temporarily to reduce the impacts of the flood
damages/effects (Hoang & Fenner 2016). Urban drainage systems consist of storm
sewers, ditches, retention ponds and other facilities constructed to store runoff or carry
it to a receiving stream, lake or the ocean (Managing Floodplain Development, 2007).
The system usually filters out the pollutants of the flood and disperses stormwater into
the ground (Hoang & Fenner 2016). The designs of urban drains are aimed at improving
the quality of the water and reducing the impact of the flood on its pathway. Urban
drainage can also contribute to restoring the natural features that are currently in an
environment landscape (Hoang & Fenner, 2016). Urban drainage system capacity is for
a 10-year storm. Large storms can produce an amount of water above this capacity
resulting in backups, which creates shallow flooding (Managing Floodplain
Development, 2007).
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Floods Common to Nebraska
Two of the three mentioned flood categories are found within the state of
Nebraska; riverine and shallow flooding. Based on information provided by the
Nebraska Department of Natural Resources in addition to those two categories of
flooding, closed basin lakes, uncertain flow paths, dam breaks, ice jams and debris are
common in the state of Nebraska (Paine, 2016). Riverine and shallow flooding already
has been explained, below information on the other types of flooding is explored.
Closed Basin Lakes Floods
Closed basin lake floods occur during heavy rainfall. Lakes have a limited size
outlets for drainage and in some cases no outlets at all (Managing Floodplain
Development, 2007). Excessive rainfall may cause a lake's water level to rise at a faster
rate than it can drain resulting in a flood.
Uncertain Flow Paths Floods (Alluvial Fan Floods)
Uncertain flow paths floods occur downstream after high-velocity floodwater
gathers sediments and rock. Generally, after the collection of deposits near the base of a
valley where a slope flattens out, the speed of floodwater decreases resulting in
spreading out of flood water (as in a sheet flow), depositing sediment and rock over a
fan-shaped area called an alluvial fan. This alluvial fan flood then generates an
uncertain flow path, which is not a predictable as a riverine flood. Due to this, it is hard
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to determine where exactly the flood water will go throughout the fan (Managing
Floodplain Development, 2007).
Dam Breaks Floods
Dams are barriers used to control the flow of water throughout rivers and
streams. According to FEMA, dams for the purpose of this study can provide flood
control. At the time of flooding or high levels of water, dams can act as holding tanks
by retaining floodwater and slowly releasing water in a controlled manner to rivers
below. However, dams can be a liability if proper maintenance is not performed or
capacity levels are breached, resulting in floods throughout areas that were to be
protected by a dam.
Ice Jams Floods
Ice jam floods can occur throughout the state of Nebraska early in the spring.
Floods of this nature occur due to warm weather and rainfall. The combination of the
two or each natural occurrence individually can promote the breakup of frozen rivers.
When this occurs large pieces of ice float downstream until meeting an obstruction,
creating an "ice jam." The ice jam blocks the flow of water through the channels and
causes flooding upstream (Managing Floodplain Development, 2007).
Health Impacts of Flooding
Flooding is considered to be the most widespread climatic hazard; flooding
disasters pose an imminent threat to human health (European Commission, 2017). The
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National Library of Medicine explains that health issues during and after a flood
includes damages to buildings, effects from moving flood waters or standing waters
and communicable diseases (U.S. National Library of Medicine, 2010).
After a flood, the general public can be susceptible to mold, chemical hazards
and injuries due to the destruction of building materials. During these events those who
have asthma, allergies, other breathing conditions and weak immune systems may be
more sensitive to molds and can be susceptible to mold infections (Centers for Disease
Control and Prevention (CDC), 2015). Chemical hazards during a flood can be released
from homes and business in the affected area. It is important that individuals who are
living in areas susceptible to high flooding be aware of the sources of chemicals in the
area they reside. This includes but is not limited to an industrial workplace and
household items (CDC, 2014). According to the Center for Disease Control, during and
after a flood there is also risk of injuries. Injuries may occur from animal and insect
bites. A study of health impacts on flooding in Europe showed injuries also included
soft tissue damage such as cuts, bruises, sprains and contusions (Guha-Sapir et al.,
2010). Mortality is another concern of flooding, which may occur from drowning, heart
attacks, hypothermia and in some cases mud slides (Guha-Sapir et al., 2010). Lives can
be threatened by downed power lines which may lead to electrocution or high degree
burns (CDC, 2014).
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Flooding can impact not only an individual’s physical health but also affect their
mental health. Health conditions such as anxiety, panic attacks, increased stress levels,
mild/moderate/severe depression, and PTSD in adults as well as in children have been
reported (Guha-Sapir et al., 2010).
It is important to note that after a flood, health systems may be impacted if the
infrastructure has been compromised. Also, the lack of communication between health
providers, and relief and rescue workers may be affected (Guha-Sapir et al., 2010).
Medical institutions may be affected by electrical outages and the lack of standard
operating procedures due to overload of work or cases needing attention (Guha-Sapir et
al., 2010).
Floodwaters or standing waters can lead to contaminated water, which may
affect food and drinking sources. Along with the contamination of food sources, flood
waters can cause wound infection if open wounds or rashes come into contact with
contaminated water sources (CDC, 2017). According to the World Health Organization
(WHO), water-bourne diseases and vector-bourne diseases can affect the community's
health during or after a flood. Even though flooding may be associated with an
increased risk of infection, the risk is low unless there is large displacement of the
population or the water table/ sources become contaminated. Vector-Bourne diseases
can be an indirect effect of flooding causing an increase of breeding sites for insects due
to heavy rainfall or overflow of rivers (WHO, 2017).

19

The Importance of a Community Developed Hazard Mitigation Plan
Hazard mitigation plans are created to protect citizen’s lives and personal
property from disasters. They are also used to preserve or protect the environment and
the economy of a particular area. Not only are these plans are used to help maintain a
high quality of life, but importantly they maintain proper infrastructure to continue the
provision of essential services (Integrating Hazard Mitigation, 2012). It is important to
note that this planning process can provide vital information to the general public.
Hazard mitigation planning affects the planning process, economic development,
project development and emergency management (Integrating Hazard Mitigation,
2012).
Within the State of Nebraska, cities can have a separate Hazard Mitigation of
Flood Management Plan. These plans are written to help communities reduce or
eliminate destruction or harm caused by a particular hazard. Throughout the United
States, there are 10 states that require local comprehensive plans to address natural
disasters by including natural disasters as a plan element or including it in other
elements of the comprehensive plan to address related concerns (Schwab & Topping,
2010). The ten states are; Arizona, California, Colorado, Florida, Idaho, Maryland,
Nevada, North Carolina, Oregon, and South Carolina (Schwab & Topping, 2010). Most
of these states are found near coastal regions; however, they are still affected by
flooding for example flash floods. In the case of this study for flooding, it is
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recommended that communities look into adding/ integrating flooding mitigation/
natural hazard element within it comprehensive plans. It is important to note
incorporating this element in the comprehensive plan can be done in two ways.
Concept 1: Similar to the required Energy Section (Phillip Luebbert, 2015) of
comprehensive plans, information on flooding and the floodplain can be sectioned out
and explained in great detail. Concept 2: Include aspects of flooding throughout the
Comprehensive Plan during the developing process of a comprehensive plan.
Concept 2 would allow for flooding mitigation ideas and strategies to be
integrated into existing elements of a plan. This method would be consistent with the
American Planning Association's (APA) "Growing Smart" initiative, outlined in the
"Growing Smart Legislative Guidebook" Chapter 7, Local Comprehensive Plans
(Integrating Hazard Mitigation, 2012). The “Growing Smart Legislative Guidebook”
outlines a 7 year APA project as an effort to draft new model planning and zoning
legislations within the United States of America (American Planning Association, 2017).
This method is consistent with the Institute for Business and Home Safety’s
“Community Land Use Evaluation” (CLUE) for natural hazards initiative (Integrating
Hazard Mitigation, 2012).
According to a document obtained from the Michigan.gov website "Appendix D –
Integrating Hazard Mitigation into Community Comprehensive Planning” states that CLUE
for Natural Hazard's initiative uses a survey tool of which local planners can use to
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assess how natural hazards mitigation is addressed within their community
comprehensive plans. Importantly, note that with concept two mitigation strategies and
policies must be placed in conjunction with the appropriate elements throughout the
plan. An example of this would include “mitigation concepts, strategies, and policies
that affect land use issues would appear in the Land Use Element; those that affect
transportation facilities would appear in the Transportation Element and/or the Public
Facilities Element; etc.” (Integrating Hazard Mitigation, 2012). Adopting this process
would enable hazard mitigation policies to be included as a necessity to should be
addressed under each functional element rather than a separate entity or optional
element within a comprehensive plan. By including hazard mitigation within the
comprehensive plan concepts, strategies and policies may be diluted; however, the
addition to plans would allow for more awareness of mitigation concepts and
implementation. This leads to a more efficient mitigation strategy and policies for
communities involved (Integrating Hazard Mitigation, 2012).

PURPOSE
Flooding is considered a substantial natural hazard, which may occur yearly
throughout the United States. However, the category, extent, and magnitude of
flooding can be determined by the amount and distribution of precipitation over a
particular area. The rate at which water permeates the surface, the geometry and
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hydrology of the catchment, its flow dynamics and the conditions surrounding a river
channel (Crawford County Multi-Hazard Mitigation Plan, 2011).
The goal of this study is to examine comprehensive plans in Nebraska to see how
flood risk information and areas are addressed in the long-range plan for growth and
development in communities. The basic floodplain management regulations is often
address development after the decision to build in a floodplain has already been made.
These regulations only specify how a particular building must be constructed once
located in the floodplain, however, it does not consider whether the building should
have been allowed to be built in that area in the first place. Comprehensive plans can be
tools to examine development trends and steer development out of dangerous areas.

METHODOLOGY
53 Comprehensive plans adopted from 2001 - 2014 from throughout Nebraska’s
cities and counties were selected for analysis of 60 indicators of an ideal flood plan as
identified by the literature. Each indictor used to evaluate plans is shown below in
Figure 4. The comprehensive plans were chosen based on their availability via
electronic copies, having been derived from a larger list of potential communities.
Copies were attained via direct contact with local officials, from the respective city's
websites and through private consulting firms. Independent consultant firms created
the majority of the plans evaluated and, per Nebraska law, plans are not required to be
reviewed by any state-level agency. Comprehensive plans that were not available for
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use at the time of this study, were not included. Some communities were in the process
of updating their comprehensive plans and some had plans dating as far back as the
70’s. Communities ranged in size from 418 housing units to 188,352 units and have a
population size ranging from 1,086 to 440,034 (2011-2015 American Community
Survey). The 53 selected comprehensive plans with their location and jurisdiction are
listed and displayed in Figure 5.
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Figure 4. Evaluation Indicators
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Figure 5. Reviewed Comprehensive Plans
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Data Analysis
During the process, each of the selected comprehensive plans was individually
analyzed. Each plan was examined for sixty indicators, which were divided into three
categories (general areas): 1) Factual Base Information 2) Goals and 3) Actions and
Implementation. In general, it is important to find that these local comprehensive plans
use factual information to identify existing conditions and the need facing the
community. The comprehensive plans should also use the factual base information to
map out the hazardous areas while analyzing past occurrences of flooding for
application of future developments (Tang et al., 2008). The information obtained can be
used by local officials to set standards within the hazardous area. When addressing
flooding, the plan should have goals that create a vision and resilience that reflects the
needs of the general public (Tang et al., 2008). Each goal created must be with the intent
to ensure the safety of the population, reduce or minimize the socioeconomic impacts,
decrease the amount of damage done to the property and reduce the environmental
impacts (Tang et al., 2008). Once goals are established, policies and strategies can be
produced for land-use management, which includes "building standards, development
regulations, critical and public facilities policies, land and property acquisition, taxation
and fiscal policies, and information dissemination" (Tang et al., 2008). It is important to
make sure they are worded so implementation can be easily monitored.
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Implementations should include goals and strategies and have a clear time-line for
making sure each task is completed (Tang et al., 2008).
The selected comprehensive plans were read and examined for the distinct and
clear-cut presence of each indicator, along with the implicit presence of each indicator.
To determine the implicit presence of indicator each plan had to be read thoroughly as
some indicators may be present without a title. When evaluating the plans, each
indicator was assigned a score of "0", ". 5" and "1". A score of zero was given to each
indicator that was not addressed at all. ". 5" was given for each indicator that was
partially addressed, or implementation was discussed, but not in the context of flood
risk. A score of "1" was assigned when indicators were fully discussed, which includes a
detailed coverage of the indicator in a specific context of flood risk. For example, many
plans included incentives for cluster development, but few said that cluster
development could be used to keep individual structures out of a floodplain. In the
“delineation of flood hazard” category, a plan received a “1” only if it included a
description and map of floodplains.
The analysis of each comprehensive plans was organized and evaluated using
Microsoft Excel. Through the evaluation, process plans can generate a maximum score
of 60, because there 60 indicators. Each indicator could have a total score of 53 because
there were 53 plans evaluated. The scores obtained were used to calculate a percentage
by using present indicators found in each plan and dividing by the number of times an
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indicator could be present in each plan. During this process, if an indicator was partially
described for the sake of creating percentages for comparison these indicators were
considered as 1. When comparing each category, percentages allow for straight-forward
comparison although the data reflects uneven amounts of indicators per category and
the possibility of half scores.

RESULTS
The results of the analysis are used to identify areas of weakness/ concern and
opportunities for improvement. When evaluating each plan the grading scale was done
subjectively, from personal experience and literature reviews and will be used for
educational purposes. When interpreting the results, consider that good results during
the evaluation does not mean that the community’s implementation process was good.
Scores that are above average are considered to be good/well and scored below average
are considered to be bad. It is important to note that results of a comprehensive plan
may be significantly lower due to the size of the community in which it was prepared.
In other words, each community’s results can be affected by their available resources,
the number of individuals living in the community, as well as the community’s past
experiences with flooding. The size of the community can play a vital role is how each
plan is developed. Communities with a population size of 1,000 may not be affected
tremendously by factors such as heavy storm water runoff as a community with a
population size of 100,000. The needs of each community are different and results from

29

the evaluation of plans differs based on what each community deemed important and
necessary when the plans were created.
The first step of the analysis was done on the 53 selected comprehensive plan to
determine the number of indicators present within each plan. The average number of
indicators present is 4.84. This indicates that the average comprehensive plan covers
roughly 8.07% of the 60 indicators identified as essential components of a strong flood
plan by The Nebraska Department of Natural Resources provided indicators as
components of a strong flood plan. The Lincoln/Lancaster Plan has the highest number
of indicators present, with 17.5 out of 60. North Platte has the lowest score with no
indicators present. There were 11 other plans with less than three indicators present.
Figures 6a and 6b show each Comprehensive Plan’s score. The score represents the
number of indicators each plan.
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Figure 6a. Number of Indictors Present within the Comprehensive Plans
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Figure 6b. Number of Indicators Present within the Comprehensive Plans Cont’d

The second step of analysis was to evaluate how frequent indicators in each
category were being used throughout each comprehensive plans. Represented in Table
1 are the specific types of indicators, along with the percentages of indicators that were
present during the evaluation of each. Within each category, indicators were multiplied
by the total amount of plans available for evaluation (53). The analysis shows that no
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category was represented well throughout the evaluated plans when comparing usage
to 100 %. The category with the most represented indicators was Factual Base (12.0%).
Out of the possible 583, only 70.5 indicators were used to provide information or
statement of fact detailing floods. The least represented categories are Goals (5.7%) and
Action & Implementation (6.4%).
Category

Indicators per
Present Possible Percent
Category
Factual Base
11
70.5
583
12.0%
Goals
11
33
583
5. 7%
Actions and Implementation
38
129
2014
6.4%
Table 1. Categories of Indicators Present within the Comprehensive Plans

Each of the 60 indicators was analyzed for frequency of use in the comprehensive
plans. Looking at each category separately, the most present indicator in Factual Base is
delineation of hazard location. Delineation of hazard location was present in 39 plans
evaluated and had a score of 31. During the review of Goals, the indicator responsible
for goals to preserve flood risk zones in future growth areas for open space or recreation, was
present in 26 of the qualified plans and had a score of 23.5. After evaluating the Actions
and Implementation category, there were three indicators that showed high usage
within the comprehensive plans compared to the others. These indicators include:
discourage development in flood risk areas found in 24 plans and scoring 21, recreational
areas in floodplains located in 25 plans with a score of 23.5. The leading indicator from
this section was storm-water management/ watershed treatment which was found in 29
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plans with a score of 28. Among the three categories delineation of hazard location earned
the highest score.
The average total score of each indicator category was taken to evaluate if there
is correlation between a low score and flood recurrences among the studied
comprehensive plans
According to the Nebraska State Hazard Mitigation Plan and the updated
version of Nebraska’s Flood History obtained from the Nebraska Department of
Natural Resources there have been over 700 reported floods dating back to the 1960s.
An evaluation of the last decade showed that there were 20 floods reported between
2007 and 2016. However, data provided in the states Hazard Mitigation Plan only
shows 10 of the 20 FEMA Disasters Declarations between 1960 and 2016. An updated
flood informational document provided by Nebraska Department of Natural Resources
staff member detailed an estimated 344 flood occurrences that have affected the
communities of the plans involved in this study. Some occurrences affected multiple
communities. Of the plans evaluated, three locations with the highest flood occurrences
between 1960 and 2016 were: Beatrice with the highest a total of flood occurrences with
42, Lincoln had 25 and Crete had a total of 22. There were 7 communities that had less
than 3 flood occurrences during the same period.
Lastly, an analysis to compare locations evaluated and the amount of floods
occurrences to how well plans included indicators towards flood control, shows that 2
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out of the 3 locations scored relatively high. The total score of each plan was collected to
evaluate the correlation score grade and flood recurrences. From 1960 to 2016, 344 flood
occurrences affected the communities in this study, communities of high flood
recurrences included Beatrice (42), Lincoln (25), Crete (22). Of the three, Beatrice &
Lincoln scored above average during the plan evaluation with scores of 8.5 and 17.5
respectively. Listed below in Table 2 are all flood occurrences reported/documented
from 1960 to 2016. The table shows location of plans reviewed, plan scores and number
of occurrences. To find the correlation the study used the number of flood occurrences
as a base. High flood occurrences (locations of 10 or more flood occurrences) does not
seem to correlate with plan scores when using the average of floods. An example of this
is demonstrated by the communities of Crete, Columbus, Fremont and Norfolk which
had a minimum of 12 flood occurrences and all scored below the recorded plans
evaluation score of 4.84.
Table 2, displays the population size, plan scores and recorded flood
occurrences. This table was intended to be used for an analysis of the effect on the plan
scores due to population size. In this study, there were 37 communities with a
population size of fewer than 10,000 people. Among the 37, 12 jurisdictions/community
plans were evaluated to have scores above the recorded average. Scores indicate that
more than 67% of the communities of less than 10,000 people living in then had
evaluation scores less than that of the average which was 4.84. When looking at
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jurisdictions/communities with a population size of between 10,000 and 450,000, results
have shown that 8 of the 16 plans evaluated has scored above the average (4.84) of plans
evaluated.

Table 2. Recorded Flood Occurrences.
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DISCUSSION & CONCLUSION
Findings
The results from Category 1: Factual Base, indicate that most local
comprehensive plans did well with the delineation of hazardous locations being covered by
roughly 74 % of the plans. However, the usage of a map to indicate areas affected by the
floodplain, within the future land use map and other informative maps, was relatively low.
Only 13 (24 %) of the plans covered this. The lack of identification of what areas of the
community are within the floodplain 11 (20.8%) also calls for concern; the lack of
information available can place citizens in great danger.
For Category 2: Goals, the majority of the plans examined 26 or (49.1%) showed
interest in preserving flood risk areas for open space or recreational areas. Concerns for this
category include the lack of goals to reduce the damages to buildings already located in a flood
hazardous area. For residents, only 2 (3.8%) plans cover goals for this indicator, for
Commercial 1 (1.9%) and lastly for industrial 0%. The major discrepancy among plans is
the goals to protect current individuals living, working and spending leisure time in areas of
high risk is relatively small. Based on the evaluation conducted this indicates that plans
are not ensuring the safety of individuals, as 15 (28.3%) of plans focused on developing
new areas outside flood risk zones.
Lastly, Category 3: Actions and implementation, three areas were covered well
when comparing scores of each indicator within this category. Stormwater
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management/watershed treatment strategies were the top covered indicator in this section,
with 29 (54.7%) of the plans evaluated indicating interest in this area. Another indicator
that scored relatively high compared to other indicators in the group was the use of
public areas as recreational areas in floodplains with 25 (47.2%) of plans evaluated
indicated interest. Discourage development in flood risk areas was another indicator that
showed high interest in public safety with 24 (45.3%) of the plans being represented. A
primary concern should be educational awareness; this indicator was only present in 2
(3.8%) of the plans evaluated.
The majority of plans evaluated showed indications of prioritizing public safety
by ensuring future development is located out of flood zones and proper mapping was located
throughout the document. Overall the plans evaluated partially discussed information
available to the public about flood risk areas. There was only 10 (18.9%) of plans that
indicated goals for participation in the National Flood Insurance Program; these results can
be misleading as communities have to qualify to part take in the program. Educating
the general public can of some importance as it would allow for citizens to be aware of
the risk of the area they live in, possible evacuation routes and institutions of interest.
Education initiatives may include websites or flyers about preparing for and dealing
with flooding as well as where insurance can be bought.
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Recommendations
Based on the results presented in this paper, it is recommended that the
Nebraska Department of Natural Resources be allowed to supervise or revise
comprehensive plans made for communities that have a consistent occurrence of floods.
This would ensure that consultants are working in conjunction with the state’s flood
management plan. It will also, help educate consultants on flooding norms detail and
regularities.
Another recommendation is to mandate information about flooding be included
in every major element of a local comprehensive plan to which it relates. This would
ensure that the hazard (floods) is not recognized as separately but as a mandatory
compliment of developing a local comprehensive plan.
For a better understanding of the dangers of flooding and to help with
preparedness of flooding it is also recommended that communities/state integrate
educational programs. It is recommended that state and local officials and planning
consultant team up with the state’s education system and generate a flood awareness
week in which teachers can then share knowledge of flooding with kids. It is suggested
that these classes be on par with the states curriculum for science and other related
subject areas. Programs of such can be generated for students at the middle and high
school levels. It is recommended that classes include significant detail ensuring that
students learning increases from year to year. Classes can incorporate human behavior
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that leads to flooding and human behaviors that manages flood or stormwater runoff. It
is also, recommended that local officials reach out to the adults in the community by
periodically mailing brochures to residents for awareness of living in a flood plain and
highlighting areas of the community that is located in the floodplain.
Finally, based on the results obtained during the evaluation of plans it is
recommended that plans include at least 14 of the 60 indicators used to evaluate plans.
Listed below in Figure 7 are the recommended indicator which should be used in future
comprehensive plans. These indicators are recommended based on their scoring
performance among the plans evaluated, also base on the author’s experience through
classes and research. These indicators cover the history of flooding in the community,
visual aid of flood zones, goals for property and citizen’s safety, along with
implementations to help lower flood risk and costs accumulated as a result of flooding.
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Figure 7. Recommended Indicators
Limitations
The first limitation of this study is that “The United States does not have a single
common planning system for local governments to follow” (Schwab & Topping, 2010).
Recall that the findings in this study fluctuated due to the size of the community
involved as well as location. When considering limitations, the state of Nebraska, unlike
Florida, does not mandate that plans go through a revision process by the State
Planning Department or Hazard Mitigation Department (Schwab & Topping, 2010).
This affects the quality and consistency of the plan produced.
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A second limitation of this study is the number of indicators used. Indicators
were compiled using research and based on clients preferences. Due to the amount of
indicators some communities score would be significantly lower. The size of each
community can play a vital role is what is present in the community to be evaluated.
The third limitation faced was the age of some of the comprehensive plans. Some
plans were up to date, created within the last five years, whereas others were dated as
far back as the early 2000's. When earlier plans were written there is a possibility that a
flood may not yet have affected the community in recent years or at the time leading to
poor flood control during the planning process.
Lastly, the size of the population and community history of flooding is
important. Areas with smaller population size do not always have adequate financial
resources to establish an extensive comprehensive plans, and may be limited to smaller
focus areas. It should also be noted that some communities may not focus on flooding
in their comprehensive plans due to the lack of recurring or previous flood occurrences.
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Appendix A: Nebraska Revised Statute 31-1019

Local government; flood plain management; duties.

When the department, a federal agency, or any other entity has provided a local
government with sufficient data and maps with which to reasonably locate within its
zoning jurisdiction any portion of the flood plain for the base flood of any watercourse
or drainway, it shall be the responsibility of such local government to adopt,
administer, and enforce flood plain management regulations which meet or exceed the
minimum standards adopted by the department pursuant to subdivision (5) of section
31-1017. The authority of a local government to adopt flood plain management
regulations in accordance with this section shall not be conditional upon a prior
appointment of a planning commission or the adoption of a comprehensive
development plan pursuant to sections 14-403, 14-404, 14-407, 15-1101, 15-1102, 19-901,
19-929, 23-114.01 to 23-114.03, or 23-174.04 to 23-174.07.

Source: nebraskalegislature.gov; Laws 1983, LB 35, § 19; Laws 2000, LB 900, § 80.
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Appendix B: Nebraska Revised Statute 31-1020

Local government; failure to implement flood plain management regulations;
department; powers and duties.

If a local government does not adopt and implement flood plain management
regulations in accordance with section 31-1019 within one year after flood hazard data
and maps have been provided to it pursuant to such section, the department shall, upon
petition of at least ten percent of the owners of the land located within the flood plain of
the base flood delineated in such maps, or upon the written request of the board of
directors of the natural resources district in which such land is located, conduct a public
hearing after providing notice pursuant to section 31-1022. If the department finds after
such hearing that the data and maps available are sufficient to reasonably locate the
boundaries of the base flood, the department shall determine and fix by order the
boundaries of the base flood and, where deemed appropriate, the boundaries of the
floodway within the zoning jurisdiction of such local government. If within three
months after the date of such order the local government still has not adopted and
implemented flood plain management regulations for the area subject to such order in
accordance with section 31-1019, the department shall be vested with the power and
authority to adopt flood plain management regulations for the area and shall adopt and
promulgate such regulations for the identified base flood within the zoning jurisdiction
of such local government. Such regulations shall be consistent with the minimum
standards adopted by the department pursuant to subdivision (5) of section 31-1017 and
shall take effect on the date prescribed by the department. All ordinances or other
actions by the local government which are contrary to the rules and regulations of the
department shall be null and void.

Source: nebraskalegislature.gov; Laws 1983, LB 35, § 20; Laws 1993, LB 626, § 6; Laws 2000,
LB 900, § 81.
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Appendix C: Flood Zones Description

Zone A: There are five types of A Zones:
A: SFHA where no base flood elevation is provided.
A#: Numbered A Zones (e.g., A7 or A14), SFHA where the FIRM shows a base flood
elevation in relation to NGVD.
AE: SFHA where base flood elevations are provided. AE Zone delineations are now
used on new FIRMs instead of A# Zones.
AO: SFHA with sheet flow, ponding, or shallow flooding. Base flood depths (feet above
grade) are provided.
AH: Shallow flooding SFHA. Base flood elevations in relation to NGVD are provided.
Zone B: Area of moderate flood hazard, usually depicted on Flood Insurance Rate Maps
as between the limits of the base and 500-year floods. B Zones are also used to designate
base floodplains of little hazards, such as those with average depths of less than 1 foot.
Zone C: Area of minimal flood hazard, usually depicted on Flood Insurance Rate Maps
as above the 500-year flood level. B and C Zones may have flooding that does not meet
the criteria to be mapped as a Special Flood Hazard Area, especially ponding and local
drainage problems.
Zone D: Area of undetermined but possible flood hazard.
Zone V: The Special Flood Hazard Area subject to coastal high hazard flooding. There
are three types of V Zones: V, V#, and VE, and they correspond to the A Zone
designations.
Zone X: Newer Flood Insurance Rate Maps show Zones B and C (see above) as Zone X.

Source:fema.gov; Managing Floodplain Development Through the NFIP;
https://www.fema.gov/media-library-data/20130726-1535-20490-7429/appxd.pdf
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